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w m m 

h hTAKlfci tL^ ^ - K"T£ DNA 

*2£Bjm. h 5 > X 7 * - l y /SIHf - $ (TGF- $ ) 7 7 i 
U-<DW«Git**ffl-5x TGF-0K J; ot!SM^5^t-*'(T 
ransforming growth factor-yS activated kinasel; TAKl) „ Zfc. O' 
^OiSijt^rS. & t>* Jc *i £ - KtSt h©it(E^FJcBHt-So TA 
K 1 {i N MAPK4- + --&<D T if * — 9 - (Activator of MAPK Kinase 
; AMK-1) t h W tS ti, TGF-/9 J: O'BMPCbone morphogenetic prote 
in) 0 mtkltZ nfloMAPK+t - -tf * ') >lftLTgtt^t5 

TGF- # X 7 I y-©S«{*tt«B«Utrt«*»C Ser/Thr 
*©JBSSi§ K> >ICi5^7 5 J £*Kflf CGly. S 
er©*g «3 ig LK?iJ (GS box) 4ttSII, S.O'GS box^SL^^ 

/;&fc I a§§#io«^ft*ifi6Lv affile •) ySS^^tiTU 
^nSSS(*© + ^-Hf36<ISiSS{*<DGS boxtti££ U ^SMt L. 
- ti(c J: o T I MS^tt^SfcMtS ti5 d t K«fc *) file »J ff > Krt* 
^© •> ^^^*<iffll!Srt {Cfeil $ ft 5 <t%*- bfttl'S. L ^ L A< 

^&£^-C#> 5 tb^»«-*f -y t> p ~ -I? X • -t 1/ t' > a.- ( Saccha 
romyces cerevisiae ) JC&l^Tfi, *ffl8&^^£>©gc£:7AD^&> 



WO 98/03663 PCT/JP97/01050 

(Mating pheromone) fc «k t) & £ i)<!k -f Z £ -? cd tit $g feii * X »r - 

P-r>f >*< MAPKK+ ^- — "tf (MAPKKKXStell) £«ttftL. Stt-ft* 
n/tMAPKKK*<MAPK+f---lf (MAPKK) *■ U > »{!: L T ffittffc L . ft <c 
d -5 Ltgttjfc^ tt/cMAPKK (Ste7)*< MAP+^---tf (vY h > 
-JSttft^n-r'T ; mitogen-activated protein kinase 

; MAPK) *U >BfftLTStt^fcL. ft & MAPKri< FUS1 £ & R * Stt 

- Oi o ^MAPKKKt LT, v>* J; 0»<&n*:TAKl (TGP-0 Act 
ivated Kinasel) d *l * T *j £ n T l » 5 ( K, Yamaguchi et al 
Science (1995) 270. 2008-2011) 0 

9J co ffl 7* 

KJCfctfSUAPKKK (Ssk2/Ssk22. Shol ) CD « & 
Km I tzWMV ^D;tX.t^t'yx-|;h h &*<DcDNA£ft 
AU *tt*<^«LfcMAPKKK*«|^T*ScDNA«CoV>TX^ U - ^ 
>^L. Stt*<fc»LfcMAPKKK*«^L»4cDNA** o- - 

fifeoT. *3&8J|i % E9q## : 5{c^-^23fe© Ser* £ 579&© 
Ser*T*©T S ;M«t*AT44, h 5 > x 7 * - $ >^j| 
(TGF)-tfci,TJSttft*ft« + t-tffitt*|rt*«l! U * 
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ttz, 6E?i]#^ : 5l:*tltt© Met^£ 579ft© S 

er£T'<DT i J M £ # ^ T? S > TGF-iS IC<t oTgttjt^tll. 

#36 WW:, SE^JS"§- : 5 23ft© Ser^£ 579ft© S 

er£ t©t ~ y & /o-zte s . tgf- $ iciotgtti^ns 

*^Bfl«s B£^J#"§- : 5 IC;*-^ 249ft © T h 1919ft © A 

3 -e © ? ? u * ^ k @e ?'J & W s . tgf- 0 j: o -c S tt -ft s ft & * 

^ - -tf Stt £ W S 'J^^^ K * 3 - Kt5 DNA^r «i & f & o 

ttz. *^§BJlis B£?lJ#^- : 5 tw^-T 1 &CD Met7^£ 579ft© S 
er £ 1: © T =. y & & ?iJ £ ^ A, T -5 . TGF-£ i:«totjgi<k$ti5 

£ft> SS^iJS^ : 5 Kljj*"*- 183ft© A ^ £ 1919ft© A 

$TO? ? U * f- Ki2?iJ£ WtS x TGF- £ {=. <fc o Tfgttft: $ ft S 
^■--^■Stt^W-rS^'J^^^ K * 3 - Kt4 DNA^r & "T £ o 

*/c> sfcffcEtts _tI2©^-fft^© DNA^^X/-J? <£ & ^ 9 9 - » 
±fE©H-f ftj^© DNA^-^A/TF-fc: S^^^-ICfcOJ^IHSIftSftfc 

4fc, *5tWte. ±ie©^^{C«t «9Slsg$ftSTGF-j8 {C J; oT?S 
5 {r^-T23<4© Ser#> £ 579ft© Scr * "C © T i J g?B£ ?ij * # A, If 

/«£ S. TGF-/8 5C «fc o-r^tt{h$fts+^---fe* ; &Ji^-rso 
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El 2 (2. ©TAKl«<E^©|g^^^-r -&TGF- /3 Oj^jta^m^. 

El 3 « % MC3T3-El«BBS{c4o(^ S TAKlitfe ?• o g ft *f & TGF- yS 

S'J L ^ £■ ^ 5 7 T? tb 2> o 

HA-TAKlia&^-C 5 h 5 > x "7 * ? h £ ft «B JJ& l~ £ £ 
TAKl + ^---tfg^{C*f^-Sa>!r OlSOTCF-jSXtt BMP-4© 3ft * * 
TTs-t 7 3 7 %> 0 TAK1 A N teTAKl AN h 7 >X7 x ? h 

$ tlfcifflBa^TGF- £ RCf BMP-4© -Tft IC i^TfcaiLtt^ofc 

H 5 li v * XTAKl^r a - S DNA© « S t h I- TAK1£ a - 

El 6 ii^t? *TAK1£ 3 - K*-& DNA©^gg£?i] £ t hTAKl£ a - 

K-*-s DNAojesK^'j t ©**jt*^-r o 

Bill? 1 ) ^ TAKl^r a - K"T * DNAGQiggffiyiJ i t l> TAKl£ 3 - 

BJttv-) XTAKl£ a - Kt4 DNA©^&K?iJ <h h h TAKl£ a - 
Kt4 DNAomSiE^iJ i (DMit^m-Tc 
m 9 « v ? *TAK1£ a'- Kt5 DNA6D lg SB2^I £ t h TAK1<£- a - 

euo«, v •> xTAKi© t 5 y mmm 1 1 h taki©t * y tte$ije> 

El lltt. TV XTAK1© T 5 / &ffi?»J £ b h TAKIOT i y SeK?iJ© 
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MAPKKK©«tt*fcS K©*«I^SS 
ic^di^T^^: U # - 9 -M&^&^-f SH^icnULJBOcDNAfcdtf 
SfcSi^^-fcfcAL. fc« LfcMAPKKK«tt€:*t^-r *cDNA*<#A 

££>ti. #]>Lte\ ;HEli©t) tT«it4, Ssk2 

/Ssk22 StfSholSttfc* < flfe £ ffl & CtfcT^o 

CKDtStt&dJ&tLT, -9--y^PS-t^--bUh*->i- ( Saccha 
romyces cerevi siae ) $><D. H^7iPt> (Mating pheromone 
) (Dmn^&^-t SMAPKi&S& ( I. Herskowi t2, Cell, Vol.80, 187 
(1995) ; D. E. Lein et. . Curr. Opin. Cel 1 Biol. Vol.7, 197 (1995) 

; J.Schulz et al.. Curr. Opin. Gene Dev., Vol.5, 31 (1995)) £ 
ffl^5:ii^!5o £ (D% iz&tf & jEfif ttfltfRfcit * * *r - K li 

Stell* ± Ste7*^--tr% RtfFus3/Kssl*-*---tf J^&fifcO 
„ dtl t> lifti^n MAPKKK, MAPKKRO^MAPKJCffi^-r So Stell, 
Ste7, Rt>'Fus3/Kssm^&ttKfPffl Lt •> ^ 3r $k 2| B ^ Ste 
12i:gILs Stel2(4FUSl© £ t £ &*) (ma t i ng specif 

ic) I£f Oft¥*Smtt5o 

cDNAcd X * V - ^ > ^ {c ^ L T ii . _ht2(D^xy - K*Ste7©8fc 
SEtfJ^JI (STE7 pa68 ) ~BlV Stell©*«gEH(Stell A ) ZStsij* 
y - K^ffll^Cii^g (K. Irie et al. . Science Vol. 265. 17 
16 (1994)). :o|i:^i»tli, m&m&izMfe-f Z> U # - * - it 
fe^F FUSlp: :HIS3^ck <5 tt^S n* b *J >^Stl5!(His) J: r> 
--t 2>m&. «i¥Lia RafXteMEKKOfgttfllM <*ft**tt Raf 

AN X«MEKKAN)*<Ste7" 3 6 8 «l?^^ Stel lgtt© £ fig * 
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tfJt- 5 C £ !C i: <9 Stell A (MAKKK**) £ ffi ^ -f £ C <h T ; £ h cD 

&18cDNA5 -frf'J-tLTIi, ffi^<E>»i8¥li&t/&#:<DcDNA5 -< 
^5'J-*ffll»6:i*<Tgi4<, -WiLT, -5 X © *ffl 3fc . 
fl*.tfv>xflHl&& BAF-B03^ £>© cDNAfggi 5 -f75 'J-*ffll»5 
-i^^^o C <D cDNA5 -f 7 5 'J — (2 v vi? x IL-3&#tepro- £ 
ffl AS ^ T £> £ BAF-B03** & poly(A)-RNAJC*t-T & cDNA£. 
^5 *r - P NV11CDTDH37 p * - ^ - © *lJ»Tii ^ P-— ^'^SC 

t h SUISSE N Wz-tf t h Jurkat:^ £ <DcDNA|g5! 5^75 M - 

& o 

_k IB CD CDNA 7^7 »J-*|ffllE©X* 'J-i>/^|;J;t)x^ «J 
- — > 5 i: J: 19 1 <i©R§& * o->^^^ 0 -©^ □ - > 
<DcDNA©*&£K?iJft£/-?:nJc«fc K> =» - KStl«7 J y B*E#Jte. £ 
1<D7?U*^K#^ 223~ 1893, ft T 5 J &#-^23~ 

579 icmn-fZo 

t h JBIteftjfr' £>©cDNA5 -f 75 'J - te±ie©X ? U -- > ^3fclc 

t> © cDNA5 4 7 5 V ilfiO«k?i: L T f» £ ft A: x cDNA£ 

7p - 7<h Lttffl LTX * 'J-->/ti:ii«?ii Q 

flfecDR&te 9 p -i'OcDNA&tf-tftfc: ,fc 15 =1 — KSiiST; ;K£ 
^JtiieyilS^- : 5 ? * l/**- K 249- 1919ft tfT 5 J S?23- 

579 {C^g^-r So 

$ t> (Cfi I'cDNA (£gcDNA) &f9S*:i6 x ffi E © cDNAS- 7 o - 7 
£ Ltffl^T, _bi£©cDNA5 ^75»J-^rX^U-^->rL, & & 
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x m 230bp© 5 ' -iia5^*tLT^/:o C©5' - 3fe JI g SB 
£cDNA£ TAK1 cDNA t^L, C©5' - * i£ g SfS # £ W 
L^C t^**JI- ^ o > ^ LfccDNA*TAKl AN cDNAt^^So TAK 

I cDNACD 7 ? KEyiJ*C?IJ#-?- : I <D I ~2443{C^ L . * tl 
ic «fc 0 a - K$ftTl'47; / &BE?i|*E?iJ#-^ : 1 <D T 5. >Si 
-t : l —579 {rjjt^-o :®7 i ; iE?iJ I: i <3 * $ ti5 I6SX(i 
# 'J ^< •? f- K * TAK1 £ S R X « # U ^ y f- Ki*t4. C tl K St L 
Ts TAK1 AN cDNAtr J: tj a - K $ tlTU 57 ; y *E?"J<r «fc *3 * $ 
tiSSSRXttii-t'J^yf- K *> TAK1 A N W 6 R X (* «H V ^ -f f- Ki 
lt5o £ £ fch TAK1 cDNA£D 7 * U * *■ KE?IJ # -f : 
5©??Utf Kl- 2656(C J; 9 ^ $ tU -tLT^njcifjrj-K 
$ n5 T i y BSE^'J tege?ij#-*f : 5 CD T ^ 7 1 - 579 K «fc 9 ^ £ 
tl h o 

TAKlg&R© lij5T;; ttE*J*&* CCDSdRtiN-Ttc^fflil© 

:/ p * Ky-r > 30ot i ;i»si©c - sfcss 

K> -f C <t*<^«£^tLSo C <D ftfei£ K > -r > ti ^ d -r -f 

> * - -tr • -9" "7 K * -f > I ~~ X I (S. K. Hanks et al . , Science 
241. 42 (1988)) t:*}£t S 3 > t >f f 5 » Z. <D ft* 

& K / -f > URaf-1 (T. I. Bonner et al. , Nucl e i c Aci ds Res. Vol 
.14, 1009 (1986)) RtfMEKK (C. A. Langer-Car ter et al. . Scienc 
e Vol. 260, 315 (1993))<DjJ4i& K > -f ><DT i y & K?iJ <!: #J 30% <D 
ft „ HUieMljaE K>Y >C«< C -*JS© 300T ; 7 K 

ftat©eM(*tt©«aR Pitt* # Ltt^o 

N — j$£>224@£> T 5 >/ =» K > * * < TAK1 A N cDNA£ stell 

a ^it&w-r zmmizmxi-tui steiiA^m (mapkkk*ji) 

^f"5*<. £g© TAK1 cDNA£ stell A gfc R«c A L fc« ste 

II A^^£1$5g L V>o gt^T, TAKl**---tfttN-**©22fl© 
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ft o T*3eqg'tt % : 507;; seie^j^© 1 {&© Met^ 

h 579{£<D Ser* T $ J Bt B£ ?ij £ ^ A, T Jjfc & * * 3 

- Kt5 DNA£J§{fc-r S o C © DNACIi v ft 1 fl<J /<J i LT, 23ft 
07 ; / SS Sera* £ 579t& <D T * y g? SeriTCT = /S§E?iJ^t> 
# 'J ^^f K* 3 - Kt4 DNA. a.r>'30ftCDT UK Glu^ £ 
295&OT i J & AsptTOT = V ffif ffi JFIJ *x & /£ & * ij ^ -7 f- K£ 
DNA*<^^n§ 0 L**L *3fc9J© DNAfi N ±IE 

Ofc©l-llgt>nS t©T'ti/i< , 1 fe© Met~30{i<D Gl u© fig CD V> 
■ftlfrOT i J mfr £ 295&CDT i y Sf Asp* T©7 i y 8tBE?i]^ 

K^3-Ft5 DNA^fc^^^-S 0 
5S^^nfcN-^^^rW^S#U^7'f- K£ 3 - Kt5 DNAT* 
T t> •> ffc^&Otfy^T"?- K © n ^ > tc <£ *) S ft l£ ^ £• 

* H * fc. ± IS « * <D DNAcd 7 * u * K i£ ?'J *t *t> -r -5 T 

^ y st e?u £ w s # u ^ y + Fxiiiei, 4$ k taki« & 3: « # 

*%B«(i, ±fES*tf> DNA^s mz-ti^t * - . ftKlJftS!'** 

tft7 s y Bftaeyij*® i &©Met(c n^^to ~23{i<DSer(c *i 

Sr^t?) ©0©^f n*v0 7 ; y S!^b 579&0 7 ; ;|f Ser*-? 

8 



WO 98/03663 



PCT/JP97/01050 



M IE© CT £ < . t h TAKl£ n - KtS cDNAtt-7 XTAKl£ =« - K 
■T £ cDNASrffl <->Tif £ C <t Tf # , * LT^iW 5 (i, fch 

TAKl^n- Ft" £ cDNACDmm^^-tc 

K) Mr 499 in IS t> * >L li'cDNAt Lt?o-->/fS:iAiTiS 
o i*©cDNAtC*f LT^JtXi*<g«6£ *l DNA«. PI x. <i' £ * © cD 

^T^s^tscticiOi^ns, c©i#^ s Hit LTtiv ^ 

£&£#l©*S^iifflfl&. fllX-tf, THP-l*ffl!fe, MC3T3-Eliffl&&, XTCfflB 

ia % MviLuiftana. cHOffiflSs cos«B»a> m ; r^m^wua, mx-tf 

. *=tK8> Wx.tfTX^A^/l'X ( Aspergi llus ) KftttV* flix. 
li'T^'vJl'f/l'X • — # — ( Aspergi 1 lus nigcr ) ; & S I * W 
ii u ^ -tr X ( Saccharomyces ) #>| x. (f if •> 

# n i-feX • -fel/t* ( Saccharomyces cerev i s iae ) ^ A< fi£ 

)8S'h4. LTIi, UStifflfla. 0>] Ate* *ffl g . H*tf* 

mm ( Escherichia col i ) **<ttffl $ ft £ a 

9 



WO 98/03663 



PCT/JP97/01050 



tert-e©3&3H«c*Jl»T« PCDM8. pSV. pBF^ ©S^nt-^-^^ 

^(Glaser, V., SPECTRUM Biotechnology Applications, 1993) * 
rt<f =J*¥©ftdl (Maeda. S, et al., Nature (1985) 315, 592-594 
) *tliL xm*k£ *5:i^?i4 a $ ti # 'J ^ zf f- K 
XligGH©[sJiK • ftSiitts ^©^©^{C'EffiSnT^^ 

*^b^©tgf-^s -7 T s u -(Dmm&m&zm o *^--t?-e& stg 

C £rf><*0 t>nT^&TGF-/S:fc e ktf <ecDX-'<- ;7 r ^ x } ri . 
^Sfeffl] 1 . cDNA? -4 ~7 3 V -(Dftm 

v »7 X IL-3#c#1£*fflll&& BAF-B03*> £© poly(A)-RNA^ £ # & lw 
fi£ o TcDNA^- AfiJc L s C*l£g] 1 !c ^ -3- g£ § % §t ^ ? ^ — pNVlKNi 
nomiya-Tsuji, J. Proc. Nat 1. Acad. Sc i. USA 88, 9006-9010 (1 
991)) IC. TDH3^n * - * - © f|Hj ffll © T tc «i A LTcDNA5 -fV^ ■) 

tfeW 2 . cDNA-7 ^ U -©X ? 'J > y 
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%uw 1 iz& i»t»» l ^cdna^ -r -r ^ >j - -9- -y # n ~ -t? x 

■ -t? U bf •> .x. — ( Saccharomyces cerev i s iae ) SY1984-P (his3A 
, stellA, FUSlp: :HIS3, STB7P368) £ m ^ T X * 'J - ^ > ^ L fc 
o COH^Tte. g^7xDt>©ft«fel^i:*)^T, StellA 
^ILT-eogtt^^tlLTfcO^ Ste-7© 368&cD-fe U > rt< :/ a 

■j xect iq in^ntfc *> „ $ & icpusi±«[Stt^kEy"j*<His3^- 

Tl^o C ©IISft(i£*©his3£$:#c LTfc 9 . fi£ ^ T\ + 

cc^cd h xx >*<#^-r &m&. xte^mizjito xmttz ste 

S. -tr U fc* > SY1984-P^-S >«? CD ^ -5 X ~ K 11 cfc 9 J£ W $e& L 
tz 0 SfflL/:^7X; K(iYCplac22 (^ 9 9 -) . pRS3 1 4PGKMEKKC 
TCPGKl^ o * - 9 -OT»©N-*a K > -T < MBKKA N(K. J. 

Blumer£, Proc. Na 1 1 . Acad. Sci. USA, Vol.91, 4925 (1994)) £ m 
£!-#-£) s &t/pADU-Raf ANCADHIT'p*- * - 6 N -f 
>£X< RafAN 5 )(K. Irie£ s Science Vol.265. 1716 

(1994)) t*5o C ft Z>e>mn&&fc& t X f- >£X < SC-His7 

YCplac22<^ ^ — J: I9^®fe«l$n/c»^:(i^^-ti--r. pRS314P 
GKMEKKCTX pADU-Raf A N i:<k*] Jfcft$s«l£ tlfzmm^^M L tz 0 

MIS* * 'J > ^m»^»YS1984-P^. Hi&fefllJ 1 icfcl* 
TftSS L fccDNA-5 * "7 5 U - J: «? L. SC-His^ U - h ± 

TX^'J-^^'LfctC^. 1 4g CD ? a - > P NV11-HU11*<^ 
btltZo C CD ? o - > (DcDNA£TAKl AN cDNAt Z> 0 C CD cDNACD 
7 ? b * x KIJIJ*y x :* 4- •> * * U * K • 1- * 4 > • 
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— •>3 >Si:i^SL/i 0 * © * ? U * f- K E tfJtt . K?iJ # : 
l«f©7^1/*f K 223- 1893© Ba^K*!^ L. *ftK J: g n - k 
SftTH* 7 % J B$B£?iJ(iE?lj#-S§- : 1 ®7 ; ✓ »E*]*23ffi© S 
er~ 579&CD Ser IC *g ^ £ 0 

fti^ £gcDNA£ ? p -.=. > r^"^ < % HUlSTAKl AN cDNA£Jfcjft 

^5'J-4Sbi:^i"J-i>^Lfc c c 9 L T . ft ft © m#. * D 
C © ? p - >© C DNA£ pBS^**- (StratagenettS? 
) ©EcoRI ? d-^>^L. pBS-TAKl-5' * $ „ CCD 

^p-XiH^a K> ATG£^-f S£g*o->T*o/c 0 c© 
cDNA* TAK1 cDNAi f* S „ * © ? ? b * K E ?'J £ & JiJ § : 1 
{c^-r 0 C © B2 ?iJ © F*J * * b*^ K*^- 1 ~2443lc£gT 5 y ®BS 
JijfifeS ltt© Met~ 57914© Ser7&< rr - K £ ftx ^ £ 0 
^flEfll 3 . TAKiatfc?g>$flj%#;fc 

7->70i*(Dlii^i RNA^tttijL. WE TAK1 cDNA*ifc#+ 
ZfritztZZ. TAKl cDNAi/N-f ^ U ^-f X-^-S RNAtilS&L*: 

^aiM 4 . TAKl — tf g) feff 

«i?LS&«gffll!&T©TGF- / 8 id «fc o TSfsMI: 3 ft S * --tf ©«a6«r 
«-<SfcJ6 x TAKl cDNA&tfTAKl AN cDNA^iffii&gf&St^ ? * - P E 
F (H.Shibuya et al.. Nature Vol.357, 700 (1992)){r N b h a 
>7 r (EF) yn*-^-cDSfjfflTiC^AL s % 

£75X5 K pBF-TAKlR Zf pBF-TAKl A N Z'&tzo £3175 X$ KpE 
F-TAK1S. C/pBF-TAKl A N ii * ft **ft£fiTAKl = - KE?iJ& tfTAKl A 
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-ttzt,^^ pNVll-HUll<D 2. 3kb£> XhoIftfrK"^ pBS© Xho I ¥ + 
•v A LT pBS-TAKl A N ^-^^o pEF-MSSl (H. Sh i buya £ „ Natu 

re Vol. 357. 700 (1992)) £BcoR I K. £>* Xba I <£ <fc 0 M £{ * L a6 . 
^LTClli:, JjJc BcoR I - Xho I V > t> - ( 4? > X £g : 5 ' - AA 
TTCCCCACCATGCC -3' ) ( B£ # •*§" : 2) ;T^^-lr>XM: 5' - 
TCGAGCCATGGTCGCC— 3 ' )(E9>J#^ : 3)(Mte = K> ATGSr^W* - 
S) s it O't- pBS-TAKl A N Xho I - H i nd ffl »r Y\ & tfH i nd m - 

Xba I WrM-^JfA-T * C £ K «fc 0 pBF-TAKl AN fcffcMLfco pBS£ 
EcoR I Xho I i:«t K> M%k*£ L a6. C ti (c pBS-TAKl-5' *>4©Bc 

oR I - Sac I Brfrs &. pBS-TAKl A N ^ £ © Sac I - Xho I Hffr* 
jfAtSCtia^ TAKl<Z>£gcDNA(TAKl cDNA) pBS- 
TAKl£-f#fc 0 pEF-MSSl^rBcoR I K. SalMcJ:«9lf8g!-trL*^ d *l 
C pBS-TAKl*^ £ CD EcoR I - Szc 1 &i ft & W A~? £> Z t lz & Q pEF-TA 

j£k 7*7*^ KpBF-TAKl^^^-T <2> A IS Escherichia col i 
MC1061/P3 (pBF-TAKl) iLt, ^LT^7X; K pBF-TAKl A N 
Zr^^-f & A" mm Escherichia col i MC1061/P3 (pEF-TAKl AN) 

TBlf 3f) (C5(iEfe7^9^28a. ^fl^tt* § !£#-*§• FEFM-BP- 
5246*5 «t C5FERM-BP-5245©T^'^ / ^X r-&#H-go'£SI£3m;*n 

/Co 

^7X - KpEF-TAKlM^g: *l£TAKl»e? WiiW^^JPBffli^, W 
*_te*BcoR I *i J: BamH I *ffll*TU!J 0 tB^ C £ So 

ig* CD U *f > Ktc J: 5 « fe^? CD^#ic*f-TS TAKlcDSiS^K 
KLtzmm, TAK1 UTGF- j5 ICi. & itic^* {C*f L TSftl^: Wt" S 

d i A<mth $ n/zo tgf-0 tr^-r s^Jwaenattis^ti^^ x * j - 
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y>T^^-s_^_^ >tt'^ - 1 (PAI-l) CDmRNAU^;KD±#£- 
ffi&-t & (M.R.Keeton et al., J. Biol. Chen. Vol.266, 23048 (19 
91)) 0 

^CT?. TGF-^fD^(C*t^STAKlCD^m^«l|*-r £ *!k TCF- 0 

-■tfitfeT 'J # - * -^^ X i K P 800neoLUC (M. 

Abe et al., Analy t. Biochem. , Vol.216, 276 (1994)) £■ x MvlLu 
flflf±&$a8§{C N U ;U >"7 Aj£(H. Shibuyat, N Nature Vol. 357 

, 700 (1992)) ICJ: <0 h5>X7*?i/ 3 >L/:. COfliJ^ 

ttKfc UTIi, MvlLufl$±&$Ifl&^<Dp800neoLUC<D h -5 > X 7 ^ ? 
> a >K«fc «9TGF-£lCj; <9 ^ U| ;* ft £ -> 7 * ^ - -t? g £ CD j»J s£ jS< 
RTlfei So p800neoLUC{r «t <9 -jgttJC h7>X7,x? h $ ft tz M 

TGF-/3 JCfcg L/^e -®i^m ; &El2cr>A;^^_ C r )ffi0(c ^^- o 

mizftm L ZcTAKlXteTAKl AN lig^T'^XS K* p800neoLUC t * 
<C MvlLulRia^— jitttc^^r h v >X 7 * ? hL/Co TAK1 

«t OTGF-/8»iittatfe^*^*<t>-r*N{cJi5i$n. * lttakian 

W PAI-Hte^3fta**JdtWlc«ttft Lfc (EI2CDTAK1AN Off) 
o TAK1AN (Cck 5 'J -iSfE?cDfl|^Bti5g^© L/ ^ ;U ttTGF- 0 

o fi£oT, j£tefl:<*ft/cTAKl TAKlAN)ttTGF-0©##£ 

T-Cy^t;U^tGlt5Ci^Tl5o t<blZ* TAK1AN 

7 x ? 9 > h fCTGF-0 $$Jn Lfclig^ PAl-liSfeTO^^(i$ b> (C 

it Ad L tz o 
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h TGF-/S l(30ng/ml) <D # ft T X (± * I? ft T T? 20B# IS] i£ S L . 8BJIS 
rt> ^ Ift til & ^ m $8 L . fit, H.Shibuyat.. Mol. Cel 1. Biol. Vol 
. 14, 5812 (1994) KIEI* 3 tlTl* S «fc 9 L T ^ > 7 * => --tr$ij5£ 
^{t^/Co 0 2 O / 7 7 T (i n (TAKlite^fc^W Lfcl* 

) *)^sn£**nfc»na*TGF-^i tc £ <9&ag L*£^o Z^^- 
cd ;u •> -7 ^ ^ - -tfyS*iE;£ l t Lt« *S*f ^-T o # ^ 7 

3fca6. ttifcWK*gttttTAKlAN-K63W£ftiH Lfco C-fttt. PCR 

(i > ATP*S ^SfttlCfcltS 63& © »J i> > i)< h U ^ b 7 r > K «fc <0 B 
^$nrt^ 0 ^ CD^^JiTAKl A N CD + 7 v ---tr?£ttRCJ r •> r^-^ic 
Iffitt^*ffi$^5tfl$n«, TAKlAN-K63W^p800neoLUC<f:* 
{c|5)^ - h 5 x ? ht5i, PAI-ljtfc^3!£«Sli!tttK$iJ 

Sfc-T £«62> *l/c (EI2) o Ctit)Ogf *^ttSiC^{c 

PAJ-li6£^P©TGF-£*tfe??ffi2£S©^a6{CiiTAKl AN © 
* - -t? * & o $t>(C, + — -tf • ft 7- 4 ~f TAK 1 A 

n {*TGF-£ tc«fc zmmmm.<DBftfii&Tzi&& l en £>©$££ 

*< jp*-*- * tC <t TAKl (2TGF- /3 fffc > 7 + ;H£it*l&© 

TAKl*<TGF-/S^ft ^^-^(K^SJE&tC^OTtK^f S -d £©i&& 
W ttBE»«:» hiz#>\z.^ TGF-yS »c J: S «B A3 © to 31 JC <£ -o T TAKl © 4- 

5£©fci6. ^7r^f-> (HA) J. if |> - -f \z. <fc U & S| £ *l rt: TAKl 
(TAKl -HA) (tft — HA-fc y ? a -^^Jftfr 12CA5K «fc *5 sgf&£ ft£i fc? 
r -"7*: 3 - K^S DNA&?iJ£ PCRtC J: 0 TAK1£ a - Kf £ DNA© 
3' -*Jg{C7 U- A££*>-frTiifii Lfc ©) £ 16 PL> £ 6* S *ffl 
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bftgftK $ tl/cTAKlO Y > t' h n • * ^ - -b'SfD^-iT o /Co 

?S#B©TAKl(d: MAPKKcd XMEK2/ SEKl 7 7 T i U- ( B. M. Yasher 
et al.. Nature Vol. 372, 794 (1994))* U >Mit L , * L T?S# 

fttiCi^f^fc,, ftt^, t> £ £ ©MAPKK-MBK1 (B. N i shi da e t 
al., Trends B i ochem. Sci. , 128 (1993) ;K.J.Blumer et al., i 

bid Vol. 19, 286 (1994) ; R.J. Davis, ibid Vol.19, 470 (1990); 

C. L. Marchal 1. Cell, Vol.80. 179 (1995)). t X h > & ; x ij 

>mm&m&K<D u >^^«^tn$n^^o/c 0 &o-r. taki*^- 

HAi e h -^-^ia{tTAKl(HA-TAKl) © mm® mtfL® * ft IZ 
L T $8 L „ * y * n - -^->»l/irt{* 12CA5JC J; 9 gtg££ tl SHAx fcf 
h - ^Tyr-Pro-Tyr-Asp-Val-Pro-Asp-Tyr-Ala(K?iJ#-^ : 4 ) £ zi 
- Y-f Z> V =f ? ? Is** K&pBS-TAKlGD Sal I % fa (ATG 3 K 
>^£»+3{fc) RtfEcoR I ? o -r: > LT pBS-HA-TAKl£ 

flFM L fco pEF-MSSlS-BcoR I R Salltc^^^gJ-ltLfe. * L T 
^ntc pBS-HA-TAKl^ t> CDBcoR I - Xho I Iff M" * i* A * * i £ (C J: 
«9 pEF-HA-TAKl*fp$8 L tz 0 

pBS-HA-TAKlAN * fir S8 1 * tz & , pNVIl-HUll* Xho I S. O'Hind 
miCi*)*ftLfc.-c:©»«-*#riL, Ut pBS-HA-TAKl<D Hi nc 
H -HindmgB&{c#A L ^ 0 pBF-MSSl* EcoR I #. Sal I Hfl §i -tf- 
Lib, * LT-etUC pBS-HA-TAKl AH ^ £ © Pst I - Xho I Hrfi-* 
iAtiuifcif) PBF-HA-TAK1AN *tt«Lfc 0 £ ft £ M * Jjfc ft 
(i EF y D * ££31;* ft5 N -5fe4SHAi fc"h-7'ffl2o©3 

^^b©«St% pBF-HA-TAKl X (2 pEF-HA-TAKl A H £MC3T3-Elv 
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X # 3? iSB AS (S.Ohtat> N FEBS Lett. Vol.314, 356 (1992)) — 
Itti: h7 >X7 x ? h L/: c TGF-0 1 i £ f ij & (D '& . ZtW-Ztl 
tz HA-TAKlSr&SifcfcfCj; 0 ^gt L, ^ LT^ ©ISft^* ■ 
^ — 4? fljij Si! (coup 1 ed kinase assay) (S. Matsuda , J.Biol.Chem. 
Vol.270, 12969 (1995)) IZ «fc 0 ffl ^ L tl o 

"T & F7^7in$ nfcSUfl&^rTGF-i8 l(20ng / / ml) X 

(iBMP-4 (lOOng/ml) I:<t9 0»I3 (t^^S) ~ 30# Pal *&3 L tz a 
ffllfe 4" *"» £ <h <0 (S. Matsuda^, J.Biol.Chem. Vol. 270, 

12781 (1995) ; T. Mor iguch i h , J.Biol.Chem. Vol.270. 12969 (1 
995)) . * LT*fl!!Sil&tiJi££-15, OOOx g T10# R5J it 4> #f« t tz Q 
&*ntz±m$:tiLM$l#.\z£%%.&tt.&lzfrlltz 0 -?tlt>*>. BUIE 
_t«CD 300 w 107 'J 3 — h £20// 1 © ft 20 # 1 © Zf p 7" -T 

>At7 7 P-XiS^U fLTU^^l/^n* PBST 
2 ls]£fc8> L , *Lt:n*ffl^t*t- HfSiJ^^rff o tz (S. Matsuda 
J.Biol.Chem. Vol.270, 12781 (1995) ; T. Mor i guch i £ . J.Bi 
ol.Chem. Vol.270, 12969 (1995)) „ 

fe&ltmWLZtl-Z^U ^*ffl8&*> $><D HA-TAKlOygttJC^f-r S if Ua 
i%&£ LTm-?o &&£fcl$ L fcTAKl ®«1*fe(is XMBX2/SEK1 
^©fifc^fC =fc Offl'J^ L/Co ttfcs XMBX2/SBKKDS& 
(i, 3fl & ^ — -fe' • ii •J' 4 zf (KN) p38/MPK2£ U > SHfc -5 #i 
3}<c £ •) Lfc(S.Uatsuda€>. J.Biol.Chem. Vol.270. 12781 (1 
995) ; T. Mor iguch i J.Biol.Chem. Vol.270, 12781 (1995)) 0 
HA-TAKl*<KN-p38/MPK2£ii:i£ V >Wtil L<£l^i <i«tS8£ tl T l« * 
-So & ft&it foe> tn. -M- 1n.fr £ 4 J* J zfu * y y 

(c^ktKfs &B$-&T©ftj£ft&K;fc^Tia£/,<*:f5lS<D HA-TAK1*< 

±ie<D^KO*gm. TAK1 + ±- if « TGF- $ «fc £$lJi»CD& 5 
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ftm&ft iz^Hia Lit L**b s 10^^(1 t°- 9 izm L, *LT30#^rt 

(5 <t ^ £ * ^ - x v ^ > jc t> a - -> tz c ei 3 ) 0 £ t, tgf- js 1 « 

TAKl* ^ KiJiiJiK L/c (El 4) 0 & (c . TAKl 
*<TGF-y8 7. 7 r i U -© 1 iTfc 4 BMP (A. H. Redd i h x Curr 

. Opin. Genet. Dev. Vol.4, 737 (1994)) , X (i±J&Ji£g (EGF) 

flb^r. EGFJC J: »5ft3a**lfcliBSlc*JOTttTAKl©ffitt^fc««fS 
3fttt**o tz 0 BGF*<TAKl©Stt^b*»l» LttUCDttMC3T3-BlilBHa 
EGFfCI&g LttHfca6T?(itt < , BGF© ;U *<TAK 1*4* & L 

Tl»t£l»fcJ6T?*St%ib*lS, EGF(i MC3T3-El#ffl 4 1 

T\ TAKl*<TGP-j8 * 7 r 5 'J - lc«t U gftft^ns C t * tf 

TAKl A N liTGF-j8#ft#ttK. PA I - lit ^ CD «■ @& ft f * C 
£*<T* (El 2) % COCill, *ffllia©TGF- /3 4[iSd<M < T fcTAKl 

C © nltite*tt*-r 5 fc*. HAi e h -^T'#IH$ tL^TAKl AN (H 
A-TAK1AN) Cmf IE ) ^MC3T3-ElfflB8S^— attic h 5 > X 7 ^ * ht 
, <* LTTAK1 AN CDi£tt£>r A/n^ru-y^ X 4- - -tf «ij j£ |z j; 
OffliJ^L/Co ^-tt*>-& % MC3T3-El*flflS£ pEF-HA-TAKl A N d J; K) h 
5 ^ 7i ^U H^7 4 n Sft*:*fflfiS^t> HA-TAK1 A N 

^tiriecfc^tcLT^seti^-a-Lto. LT<e©stt£*ij^ l/c 0 

if-^TO-r- ^8J[$ftT l>ttl>*fflj|&^£><D HA-TAKlCOStt 
El 4 IC ^ ^- jg *? . TAKl AN idSlU 0 jij ^ *S ft * ^ - -fe? 
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L> N-^jS©22T^yK!^S^^<TAKlAN tti*J5dEWfC Ceo 
nstitutively) S&T*&£<h-r6<Ktft£3:*#L-C^.5o 
^$feffl]5. cDNA5 -f 7 7 U -<PfEtl8 

t h T«B8a^ Jurkat»BSa*MipolyCA)RNA^p^ L . fiCiJVT 
cDNA££-Jjfc L tz » Z. tl & lt^<E>$£3t ^ 9 9 ~ pNV-7 (Ninomi ya-Tsu j i 
, J.. Proc. Natl. Acad. Sci. USA 88, 9006-9010 (1991)) CD TD 

H37n * - ^-OT«C)$A L T cDNA-5 -Y ■/ 5 'J - £ fi! L ft o 

% flfc fll 6 . cDNA 5 -Y 7* 5 'J - g> X » U - - > y 

t-y^D^^tX - -trl/t'^i- ( Saccharomy ces cerev i s i ae 

) co>mmi&E.* h \s xomn&m&X'm < . ssk2/ssk22 „ feck o' 

SholCD?g Hk&Xm £ -a-fcStm*«x YEPD^Hfe (Yeast extractUOg 
/ . tryptone (20g/4) „ glucose(20 g / £ ) ) T « Jfi Ml T? 

(T. Maeda, Science, 269, 554 (1995)) 0 S£ -> T . d O ^ 
S*J-cDNA^r#A LtXi"J > y&ft? C £ K J: 0 > L 
Ssk2/Ssk22 Jg £ £■ HI § S cDNA^^jgtT 5 £ So 

5l&nc. ±JB©Xittlc:ie«i* tlT^4Ssk2/Ssk22 > fe«fctKShol 
®rStt^r^a^-ti-^-9--y^Dvr-lrX • -fel/t'^x-ft ( ssk2A , 
ssk22A. sholA) 2 f# pNVl 1 -Hll 1 ( X TAK 1 A N) 

«9^ge«lL^o C (DmmfcmW* 1 M V ;U h* h - >u*^^yb 
PD^ V - Y izmti L> 30ti:t^ ^ + a^- h L/:. pN 

vii-Hunc «t o BUtE&s ntzumtt&m&E.x h u xtt? 

f ;t\ CCDt7*ov<-l?X • tl;b'i?i-t ( ssk2 A , ssk 
22 A. sholA) Hife0>J 5 *> 1* TflF K L cDNA5 -f 7 5 'J - K 
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o ) o 1 ® CDUtt ^ d - >pNV7hTAKlj&<?# t> tLtz 0 C <D 

* p - tl 5 cDNA£. PRISM Dye Terminator Cycle Sequen 

cing* •> h (Perkin ElmerS2) iCJ:<9itHL. * © ig g E ?ij <£ & £ 

taf)T?*o/-; 0 C OcDNA® 9 X TAK1 © ig g E ?>J £ 92 

%©*B|sltt2-^L. *tUC«fci33-K$n*T* ^ &E Jilted -5 X 
TAKKDT 5 y«e*Ji99K©*§l!te*jj* Lfco v^^TAKli t MA 
KlcDi&gE?iJ©*fJfc£|gl5~E|9 {c^L. :nt>07 * y 8* E ?ij CD 

it & m 10&. u?h 1 1 ic ^ -r o 

fc h TAK1 cDNAS-, Sal IT? 8Mb Lfc pUC19{r-^r ^ o - _=. > ^ L 
t hTAKl^^gcDNA^^^-T^y^ X $ K phTAKl /z 0 d CD 
73X1 KphTAKl^-^ Z> *fl§H(i N Escherichia coli JM109 ( 
phTAKl) i*L, X*ft«K**X^I3Haiew^Bf«c. FERM BP- 
5598 i LT, 19963P 7 £ 19B ^ ^ ^ x b & Jft lz £ § B |ft It $ 

< HJfSM 1TB 1 # 3 -«§•) 4>ttf)Ftt&«g > * - tc^gfc t , 

^ £ : ( Escherichia col i ) MC1061/P3 (pEF-TAKl ) 

B : 1995*f 9 £ 28B 
: FERM BP-5246 

M £ : -XWiWi ( Escherichia col i ) MC1061/P3 (pEF-TAKl A N) 

f?i£ B : 1995*? 9 28B 

^i€#-*§- : FERM BP-5245 

® £ : Escherichia coli JM109 (phTAKl) 
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se n ^ 

BE^iJ#-^ : 1 
ie^'JOg $ : 2443 
K^IJOM : MS? 

: 

h # D if - : itflIK 

BE?"]©®?® : cDNA 

GAATTCGGCA CGAGGAGGAG CCGAAGCCGG GACTCGGCGG TGGCCCGGGT CGGTCCCGCG 60 
CCACGGAGCG CCGGGCGCCG GGCTGCGGGG CTCCGGGCTG AAGGGCGCTG CGCGAGCCGG 120 
AGGGCGGGCG CGGCCCCCCG GGCGCCGCGG GGGATC ATG TCG ACA GCC TCC GCC 174 

Met Ser Thr Ala Ser Ala 
1 5 

GCC TCG TCC TCC TCC TCG TCT TCT GCC AGT GAG ATG ATC GAA GCG CCG 222 
Ala Ser Ser Ser Ser Ser Ser Ser Ala Ser Glu Met He GIu Ala Pro 

10 15 20 

TCG CAG GTC CTG AAC TTC GAA GAG ATC GAC TAC AAG GAG ATC GAG CTG 270 
Ser Gin Val Leu Asn Phe Glu Glu He Asp Tyr Lys Glu He Glu Val 

25 30 35 

GAA GAG GTT GTC GGA AGA GGA GCT TTT GGA GTA GTT TCC AAA GCT AAG 318 
Glu Glu Val Val Gly Arg Gly Ala Phe Gly Val Val Cys Lys Ala Lys 

40 45 50 

TGG AGA GCA AAA GAT GTC GCT ATT AAA CAG ATA GAA AGT GAG TCT GAG 366 
Trp Arg Ala Lys Asp Val Ala He Lys Gin lie Glu Ser Glu Ser Glu 
55 60 65 70 
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AGG AAG GCT TTC ATT GTG GAG CTC CGG CAG TTG TCG CGT GTG AAC CAT 414 
Arg Lys Ala Phe He Val Glu Leu Arg Gin Leu Ser Arg Val Asn His 

75 80 85 

CCT AAC ATT GTC AAG TTG TAC GGA GCC TGC CTG AAT CCA GTA TGT CTT 462 
Pro Asn He Val Lys Leu Tyr Gly Ala Cys Leu Asn Pro Val Cys Leu 

90 95 100 

GTG ATG GAA TAT GCA GAG GGG GGC TCA TTG TAT AAT GTG CTG CAT GGT 510 
Val Met Glu Tyr Ala Glu Gly Gly Ser Leu Tyr Asn Val Leu His Gly 

105 110 115 

GCT GAA CCA TTG CCT TAC TAC ACT GCT GCT CAT GCC ATG AGC TGG TGT 558 
Ala Glu Pro Leu Pro Tyr Tyr Thr Ala Ala His Ala Met Ser Trp Cys 

120 125 130 

TTA CAG TGT TCC CAA GGA GTG GCT TAC CTG CAC AGC ATG CAG CCC AAA 606 
Leu Gin Cys Ser Gin Gly Val Ala Tyr Leu His Ser Met Gin Pro Lys 
135 140 145 150 

GCG CTG ATT CAC AGG GAC CTC AAG CCT CCA AAC TTG CTG CTG GTT GCA 654 
Ala Leu lie His Arg Asp Leu Lys Pro Pro Asn Leu Leu Leu Val Ala 

155 160 165 

GGA GGG ACA GTT CTA AAA ATC TGC GAT TTT GGT ACA GCT TGT GAC ATC 702 
Gly Gly Thr Val Leu Lys lie Cys Asp Phe Gly Thr Ala Cys Asp lie 

170 175 180 

CAA ACA CAC ATG ACC AAT AAT AAA GGG ACT GCT GCT TGG ATG GCG CCT 750 
Gin Thr His Met Thr Asn Asn Lys Gly Ser Ala Ala Trp Met Ala Pro 

185 190 195 

GAA GTG TTT GAA GGT AGC AAT TAC ACT GAA AAG TGT GAT GTC TTC AGC 798 
Glu Val Phe Glu Gly Ser Asn Tyr Ser Glu Lys Cys Asp Val Phe Ser 
200 205 210 
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TGG GGT ATT ATC CTC TGG GAA GTG ATA ACA CGC CGG AAA CCC TTC GAT 846 
Trp Gly He He Leu Trp Glu Val He Thr Arg Arg Lys Pro Phe Asp 
215 220 225 230 

GAG ATC GGT CGC CCA GCT TTC AGA ATC ATG TGG GCT GTT CAT AAT GGC 894 
Glu He Gly Gly Pro Ala Phe Arg lie Met Trp Ala Val His Asn Gly 

235 240 245 

ACT CGA CCA CCA CTG ATC AAA AAT TTA CCT AAG CCC ATT GAG AGC TTG 942 
Thr Arg Pro Pro Leu He Lys Asn Leu Pro Lys Pro lie Glu Ser Leu 

250 255 260 

ATG ACA CGC TGT TGG TCT AAG GAC CCA TCT CAG CGC CCT TCA ATG GAG 990 
Met Thr Arg Cys Trp Ser Lys Asp Pro Ser Gin Arg Pro Ser Met Glu 

265 270 275 

GAA ATT CTG AAA ATA ATG ACT CAC TTG ATG CGG TAC TTC CCA GGA GCG 1038 
Glu He Val Lys lie Met Thr His Leu Met Arg Tyr Phe Pro Gly Ala 

280 285 290 

GAT GAG CCA TTA CAG TAT CCT TGT CAG TAC TCT GAT GAA GGG CAG AGC 1086 
Asp Glu Pro Leu Gin Tyr Pro Cys Gin Tyr Ser Asp Glu Gly Gin Ser 
295 300 305 310 

AAC TCA GCC ACC AGC ACA GGC TCG TTC ATG GAC ATT GCT TCT ACA AAT 1134 
Asn Ser Ala Thr Ser Thr Gly Ser Phe Met Asp He Ala Ser Thr Asn 

315 320 325 

ACC ACT AAT AAA ACT GAC ACA AAT ATG GAA CAG GTT CCT GCC ACA AAC 1182 
Thr Ser Asn Lys Ser Asp Thr Asn Met Glu Gin Val Pro Ala Thr Asn 

330 335 340 

GAC ACT ATT AAA CGC TTG GAG TCA AAA CTG TTG AAA AAC CAG GCA AAG 1230 
Asp Thr He Lys Arg Leu Glu Ser Lys Leu Leu Lys Asn Gin Ala Lys 
345 350 355 
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CAA CAG ACT GAA TCT GGA CGC CTG AGC TTG GGA GCC TCT CGT GGG AGC 1278 
Gin Gin Ser Glu Ser Gly Arg Leu Ser Leu Gly Ala Ser Arg Gly Ser 

360 365 370 

ACT GTG GAG AGC TTG CCC CCC ACT TCC GAG GGC AAG AGG ATG AGT GCT 1326 
Ser Val Glu Ser Leu Pro Pro Thr Ser Glu Gly Lys Arg Met Ser Ala 
375 380 385 390 

GAC ATG TCT GAA ATA GAA GCC AGG ATC GTG GCG ACT GCA GCT AAC GGG 1374 
Asp Met Ser Glu He Glu Ala Arg lie Val Ala Thr Ala Gly Asn Gly 

395 400 405 

CAA CCA AGG CGT AGA TCC ATC CAA GAC TTG ACT GTT ACT GGG ACA GAA 1422 
Gin Pro Arg Arg Arg Ser lie Gin Asp Leu Thr Val Thr Gly Thr Glu 

410 415 420 

CCT CGT CAG GTG AGC AGC CGG TCA TCC AGC CCT AGT GTC AGA ATG ATC 1470 
Pro Gly Gin Val Ser Ser Arg Ser Ser Ser Pro Ser Val Arg Met He 

425 430 435 

ACT ACC TCA GGA CCA ACC TCA GAG AAG CCA GCT CGC AGT CAC CCA TGG 1518 
Thr Thr Ser Gly Pro Thr Ser Glu Lys Pro Ala Arg Ser His Pro Trp 

440 445 450 

ACC CCT GAT GAT TCC ACA GAC ACC AAT GGC TCA GAT AAC TCC ATC CCA 1566 
Thr Pro Asp Asp Ser Thr Asp Thr Asn Gly Ser Asp Asn Ser lie Pro 
455 460 465 470 

ATG GCG TAT CTT ACA CTG GAT CAC CAG CTA CAG CCT CTA GCG CCG TGC 1614 
Met Ala Tyr Leu Thr Leu Asp His Gin Leu Gin Pro Leu Ala Pro Cys 

475 480 485 

CCA AAC TCC AAA GAA TCC ATG GCA GTG TTC GAA CAG CAC TGT AAA ATG 1662 
Pro Asn Ser Lys Glu Ser Met Ala Val Phe Glu Gin His Cys Lys Met 
490 495 500 
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GCA CAG GAG TAT ATG AAA GTT CAA ACC GAA ATC GCA TTG TTA CTA CAG 1710 
Ala Gin Glu Tyr Met Lys Val Gin Thr Glu He Ala Leu Leu Leu Gin 

505 510 515 

AGA AAG CAA GAA CTA GTT GCA GAA TTG GAC CAG GAT GAA AAG GAC CAG 1758 
Arg Lys Gin Glu Leu Val Ala Glu Leu Asp Gin Asp Glu Lys Asp Gin 

520 525 530 

CAA AAT ACA TCT CGT CTG GTA CAG GAA CAT AAA AAG CTT TTA GAT GAA 1806 
Gin Asn Thr Ser Arg Leu Val Gin Glu His Lys Lys Leu Leu Asp Glu 
535 540 545 550 

AAC AAA AGC CTT TCT ACT TAT TAC CAG CAA TGC AAA AAA CAA CTA GAG 1854 
Asn Lys Ser Leu Ser Thr Tyr Tyr Gin Gin Cys Lys Lys Gin Leu Glu 

555 560 565 

GTC ATC AGA AGC CAA CAG CAG AAA CGA CAA GGC ACT TCA TGATTCTCTG 1903 
Val He Arg Ser Gin Gin Gin Lys Arg Gin Gly Thr Ser 

570 575 
GGACCGTTAC GTTTTAAAAT ATGCAAAGAC CTTTTTTTAA GAGAAGACAA ACCATTATAA 1963 
CAGTTCATGA GTGTTAGCTT TTTGGCGTGT TCTGAATGCC AAATGCCTCT CTTTGCTGCA 2023 
TTTGTTATCT CAGTTACCTT TCTTCTTATG GTGGATATAA AATCCACTGT CGTGTTGCAG 2083 
CAGATGATGG CACCTGTGGC TTGGGAAGGC GAGSGTGCTC AGCTTCAGGG GCACATGAAG 2143 
TGAACCTGGC TGTATGTGCA TGCTCCTGGA GTGAGCTACC TAACAGGAGG GGGTAGCACA 2203 
CTGCCTACTG TGTGCAGGCA TCATCCTTTC TCTGTAGTAA AAGGTGGGAC CTCAAGAATT 2263 
TTCTTCAAAG TGCTCATCTC AAAAATCTGA TTTTTTTCCC AGTAGATGGT ATGCTCCAAT 2323 
GTAAAGACAC AGTATTAAAA TAACTTGTGG TACATTACAG AGGGACAGAA TGTTGAGCCT 2384 
GAGTTCAAAG ACAGGGTTTG TGCCAACACA TCCTGGCTTT AGAGCACAAT GGATCTCGAG 2443 
R^J*-^ : 2 
K?iJ<Dg$ : 16 

mn<om : mm 
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«Ott 



AATTCGCCAC CATGGC 



16 



: 3 

@e?i|£>g£ : 16 

aiott : — **l 

TCGAGCCATG GTGGCG 16 
K^IJCDS $ : 27 

se^ioi : 7 ; y s 

h # p 5> - : ttSBtt 

e^joss : ^ t" f- k 

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala 
1 5 

mnm^ : 5 

ge^iJCDg $ : 2656 

: 

K^iJOSIS : cDNA 
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e n 

CTCGAGATCC ATTGTGCTCT AAAGACGGCT GTGGCCGCTG CCTCTACCCC CGCCACGGAT 60 
CGCCGGGTAG TAGGACTGCG CGGCTCCAGG CTGAGGGTCG GTCCGGAGGC GGGTGGGCGC 120 
GGGTCTCACC CGGATTGTCC GGGTGGCACC GTTCCCGGCC CCACCGGGCG CCGCGAGGGA 180 
TC ATG TCT ACA GCC TCT GCC GCC TCC TCC TCC TCC TCG TCT TCG GCC 227 
Met Ser Thr Ala Ser Ala Ala Ser Ser Ser Ser Ser Ser Ser Ala 
1 5 10 15 

GGT GAG ATG ATC GAA GCC CCT TCC CAG GTC CTC AAC TTT GAA GAG ATC 275 
Gly GIu Met lie Glu Ala Pro Ser Gin Val Leu Asn Phe Glu Glu He 

20 25 30 

GAC TAC AAG GAG ATC GAG GTG GAA GAG GTT GTT GGA AGA GGA GCC TTT 323 
Asp Tyr Lys Glu lie Glu Val Glu Glu Val Val Gly Arg Gly Ala Phe 

35 40 45 

GGA GTT GTT TGC AAA GCT AAG TGG AGA GCA AAA GAT GTT GCT ATT AAA 371 
Gly Val Val Cys Lys Ala Lys Trp Arg Ala Lys Asp Val Ala He Lys 

50 55 60 

CAA ATA GAA ACT GAA TCT GAG AGG AAA GCG TTT ATT GTA GAG CTT CGG 419 
Gin He Glu Ser Glu Ser Glu Arg Lys Ala Phe He Val Glu Leu Arg 

65 70 75 

CAG TTA TCC CGT GTG AAC CAT CCT AAT ATT GTA AAG CTT TAT GGA GCC 467 
Gin Leu Ser Arg Val Asn His Pro Asn lie Val Lys Leu Tyr Gly Ala 
80 85 90 95 

TGC TTG AAT CCA GTG TGT CTT GTC ATG GAA TAT GCT GAA GGG GGC TCT 515 
Cys Leu Asn Pro Val Cys Leu Val Met Glu Tyr Ala Glu Gly Gly Ser 
100 105 no 
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TTA TAT AAT GTG CTG CAT GGT GCT GAA CCA TTG CCA TAT TAT ACT GCT 563 
Leu Tyr Asn Val Leu His Gly Ala Glu Pro Leu Pro Tyr Tyr Thr Ala 

115 120 125 

GCC CAC GCA ATG ACT TGG TGT TTA CAG TGT TCC CAA GGA GTG GCT TAT 611 
Ala His Ala Met Ser Trp Cys Leu Gin Cys Ser Gin Gly Val Ala Tyr 

130 135 140 

CTT CAC AGC ATG CAA CCC AAA GCG CTA ATT CAC AGG GAC CTG AAA CCA 659 
Leu His Ser Met Gin Pro Lys Ala Leu Me His Arg Asp Leu Lys Pro 

145 150 155 

CCA AAC TTA CTG CTG GTT GCA GGG GGG ACA GTT CTA AAA ATT TGT GAT 707 
Pro Asn Leu Leu Leu Val Ala Gly Gly Thr Val Leu Lys He Cys Asp 
160 165 170 175 

TTT GGT ACA GCC TGT GAC ATT CAG ACA CAC ATG ACC AAT AAC AAG GGG 755 
Phe Gly Thr Ala Cys Asp lie Gin Thr His Met Thr Asn Asn Lys Gly 

180 185 190 

AGT GCT GCT TGG ATG GCA CCT GAA GTT TTT GAA GGT AGT AAT TAC ACT 803 
Ser Ala Ala Trp Met Ala Pro Glu Val Phe Glu Gly Ser Asn Tyr Ser 

195 200 205 

GAA AAA TGT GAC GTC TTC AGC TGG GGT ATT ATT CTT TGG GAA GTG ATA 851 
Glu Lys Cys Asp Val Phe Ser Trp Gly He He Leu Trp Glu Val lie 

210 215 220 

ACG CGT CGG AAA CCC TTT GAT GAG ATT GGT GGC CCA GCT TTC CGA ATC 899 
Thr Arg Arg Lys Pro Phe Asp Glu He Gly Gly Pro Ala Phe Arg He 

225 230 235 

ATG TGG GCT GTT CAT AAT GGT ACT CGA CCA CCA CTG ATA AAA AAT TTA 947 
Met Trp Ala Val His Asn Gly Thr Arg Pro Pro Leu He Lys Asn Leu 
240 245 250 255 
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CCT AAG CCC ATT GAG AGC CTG ATG ACT CGT TGT TGG TCT AAA GAT CCT 995 
Pro Lys Pro He Glu Ser Leu Met Thr Arg Cys Trp Ser Lys Asp Pro 

260 265 270 

TCC CAG CGC CCT TCA ATG GAG GAA ATT GTG AAA ATA ATG ACT CAC TTG 1043 
Ser Gin Arg Pro Ser Met Glu Glu He Val Lys He Met Thr His Leu 

275 280 285 

ATG CGG TAC TTT CCA GGA GCA GAT GAG CCA TTA CAG TAT CCT TGT CAG 1091 
Met Arg Tyr Phe Pro Gly Ala Asp Glu Pro Leu Gin Tyr Pro Cys Gin 

290 295 300 

TAT TCA GAT GAA GGA CAG AGC AAC TCT GCC ACC ACT ACA GGC TCA TTC 1139 
Tyr Ser Asp Glu Gly Gin Ser Asn Ser Ala Thr Ser Thr Gly Ser Phe 

305 310 315 

ATG GAC ATT GCT TCT ACA AAT ACG AGT AAC AAA AGT GAC ACT AAT ATG 1187 
Met Asp He Ala Ser Thr Asn Thr Ser Asn Lys Ser Asp Thr Asn Met 
320 325 330 335 

GAG CAA GTT CCT GCC ACA AAT GAT ACT ATT AAG CGC TTA GAA TCA AAA 1235 
Glu Gin Val Pro Ala Thr Asn Asp Thr He Lys Arg Leu Glu Ser Lys 

340 345 350 

TTG TTG AAA AAT CAG GCA AAG CAA CAG AGT GAA TCT GGA CGT TTA AGC 1283 
Leu Leu Lys Asn Gin Ala Lys Gin Gin Ser Glu Ser Gly Arg Leu Ser 

355 360 365 

TTG GGA GCC TCC CAT GGG AGC AGT GTG GAG AGC TTG CCC CCA ACC TCT 1331 
Leu Gly Ala Ser His Gly Ser Ser Val Glu Ser Leu Pro Pro Thr Ser 

370 375 380 

GAG GGC AAG AGG ATG AGT GCT GAC ATG TCT GAA ATA GAA GCT AGG ATC 1379 
Glu Gly Lys Arg Met Ser Ala Asp Met Ser Glu He Glu Ala Arg He 
385 390 395 
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GCC GCA ACC ACA GGC AAC GGA CAG CCA AGA CGT AGA TCC ATC CAA GAC 1427 
Ala Ala Thr Thr Gly Asn Gly Gin Pro Arg Arg Arg Ser He Gin Asp 
400 405 410 415 

TTG ACT GTA ACT GGA ACA GAA CCT GGT CAG GTG AGC ACT AGG TCA TCC 1475 
Leu Thr Val Thr Gly Thr Glu Pro Gly Gin Val Ser Ser Arg Ser Ser 

420 425 430 

AGT CCC AGT GTC AGA ATG ATT ACT ACC TCA GGA CCA ACC TCA GAA AAG 1523 
Ser Pro Ser Val Arg Met He Thr Thr Ser Gly Pro Thr Ser Glu Lys 

435 440 445 

CCA ACT CGA AGT CAT CCA TGG ACC CCT GAT GAT TCC ACA GAT ACC AAT 1571 
Pro Thr Arg Ser His Pro Trp Thr Pro Asp Asp Ser Thr Asp Thr Asn 

450 455 460 

GGA TCA GAT AAC TCC ATC CCA ATG GCT TAT CTT ACA CTG GAT CAC CAA 1619 
Gly Ser Asp Asn Ser lie Pro Met Ala Tyr Leu Thr Leu Asp His Gin 

465 470 475 

CTA CAG CCT CTA GCA CCG TGC CCA AAC TCC AAA GAA TCT ATG GCA GTG 1667 
Leu Gin Pro Leu Ala Pro Cys Pro Asn Ser Lys Glu Ser Met Ala Val 
480 485 490 495 

TTT GAA CAG CAT TGT AAA ATG GCA CAA GAA TAT ATG AAA GTT CAA ACA 1715 
Phe Glu Gin His Cys Lys Met Ala Gin Glu Tyr Met Lys Val Gin Thr 

500 505 510 

GAA ATT GCA TTG TTA TTA CAG AGA AAG CAA GAA CTA GTT GCA GAA CTG 1763 
Glu He Ala Leu Leu Leu Gin Arg Lys Gin Glu Leu Val Ala Glu Leu 

515 520 525 

GAC CAG GAT GAA AAG GAC CAG CAA AAT ACA TCT CGC CTG GTA CAG GAA 1811 
Asp Gin Asp Glu Lys Asp Gin Gin Asn Thr Ser Arg Leu Val Gin Glu 
530 535 540 
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CAT AAA AAG CTT TTA GAT GAA AAC AAA AGC CTT TCT ACT TAC TAC CAG 1859 
His Lys Lys Leu Leu Asp Glu Asn Lys Ser Leu Ser Thr Tyr Tyr Gin 

545 550 555 

CAA TGC AAA AAA CAA CTA GAG GTC ATC AGA ACT CAG CAG CAG AAA CGA 1907 
Gin Cys Lys Lys Gin Leu Glu Val He Arg Ser Gin Gin Gin Lys Arg 
560 565 570 575 

CAA GGC ACT TCA TGATTCTCTG GGACCGTTAC ATTTTGAAAT ATGCAAAGAA 1959 
Gin Gly Thr Ser 

AGACTTTTTT TTTAAGGAAA GGAAAACCTT ATAATGACGA TTCATGAGTG TTAGCTTTTT 2019 
GGCGTGTTCT GAATGCCAAC TGCCTATATT TGCTGCATTT TTTTCATTGT TTATTTTCCT 2079 
TTTCTCATGG TGGACATACA ATTTTACTGT TTCATTGCAT AACATGGTAG CATCTGTGAC 2139 
TTGAATGAGC AGCACTTTGC AACTTCAAAA CAGATGCAGT GAACTGTGGC TGTATATGCA 2199 
TGCTCATTGT GTGAAGGCTA GCCTAACAGA ACAGGAGGTA TGAAACTAGC TGCTATGTGC 2259 
AAACAGCGTC CATTTTTTCA TATTAGAGGT GGAACCTCAA GAATGACTTT ATTCTTGTAT 2319 
CTCATCTCAA AATATTAATA ATTTTTTTCC CAAAAGATGG TATATACCAA GTTAAAGACA 2379 
GGGTATTATA AATTTAGAGT GATTGGTGGT ATATTACGGA AATACGGAAC CTTTAGGGAT 2439 
AGTTCCGTGT AAGGGCTTTG ATGCCAGCAT CCTTGGATCA GTACTGAACT CAGTTCCATC 2499 
CGTAAAATAT CTAAAGGTAA GTGGCAGCTG CTCTATTTAA TGAAAGCAGT TTTACCGGAT 2559 
TTTGTTAGAC TAAAATTTGA TTGTGATACA TTGAACAAAA TGGAACTCAT TTTTrTTAAG 2619 
GAGTAAAGAT TTTCTTTAGA GCACAATGGA TCTCGAC 2656 
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